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Abstract 
Present methodologies do not adequately take qualitative factors into account in optimizing the distribution of value-added 
activities. This is where the method currently developed by the Fraunhofer IPA for a risk-value-cost-based optimization of global 
production networks comes in. Unlike previous approaches, this method considers qualitative criteria comprehensively, classifying 
them into risks and values, and analyzing them in an integrated manner to determine the global optimum.  For comparing 
qualitative and quantitative factors, a multi-criteria optimization approach is developed, which is the first to deliver consistent 
results. 
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1. Introduction 
In the past decades, companies have faced various 
waves of internationalization. Production networks have 
emerged through relocation and offshoring, acquisitions 
and sales, and have grown into global and complex 
entities [20]. Despite the clearly stated motives of either 
opening up new markets or cutting down on costs, the 
structure of the value network was only rarely planned 
within a long term strategy [16]. Instead, any 
opportunity was taken both to establish new sites, or for 
acquisitions and mergers [1]. This way, network 
structures developed, resulting from consecutive 
individual decisions, which, in their entirety, are 
suboptimal and fragmented [8]. The challenge 
companies are facing now is to optimize these 
production networks within the existing location 
structures by redesigning the value-added activities. The 
focus is on all value-added activities as defined by Porter 
[26] within the company’s borders. Hence, value-adding 
structures distinguish from collaborative networks [5-6], 
value systems [6, 21] and virtual organizations [4].  
The resulting shortcomings in value-adding structures 
are mainly because companies cannot resort to suitable 
methods to optimize existing value-adding structures 
[16]. A clear indicator is the massive failure of 
relocation schemes in general, but particularly of internal 
relocations of value-added processes. Within 2 to 2.5 
years, 10 per cent of companies return the relocated 
production lines, 15 per cent after 4.5 years [16].  
The reasons for reshoring listed in figure 1 shed light 
on what’s going wrong in current planning [16-17]. It 
illustrates which criteria presently are not, or not 
appropriately, considered in the decision-making process 
for the value-adding structure [16-17]. 
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Fig. 1. Reasons for reshoring (imitation of [16-17]) 
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It is noteworthy that the emphasis is placed on 
qualitative criteria that cannot be valued in monetary 
terms, such as quality problems or declining delivery 
performance. Cost factors are exclusively mentioned in 
connection with the insufficiently considered effects of 
dynamic changes. Besides, the unconsidered qualitative 
criteria also impact the costs. For example, quality 
defects lead to high and underestimated costs for quality 
assurance, quality control and for supervising the sites 
with relocated value-added activities. This requires 
additional staff with immediate effects on personnel 
expenses. Accordingly, cost factors can also trigger 
reshorings if the qualitative criteria and their effects 
were not, or not sufficiently, taken into account in 
decision-making. On the whole, it becomes clear that, at 
the moment, the qualitative criteria are not, or not 
adequately, considered when planning changes to the 
value network [32].  
Empirical studies confirm that currently used 
methods mainly result in a cost-based decision making 
behavior, leading to planning errors [16]. 
2. Design criteria used in current approaches for an 
optimal distribution of value-added activities  
So far, the focus in developing methods for the 
optimal design of value-adding structures has been on 
costs. Small wonder that numerous approaches exist for 
distributing value added activities in a cost-effective 
manner (see literature survey in [9, 19, 32]). In 2008, a 
few researchers began to establish a relationship 
between the distribution of value-added activities and 
qualitative factors [10, 24, 32].  
Ude, for instance, focuses on existing key 
performance indicator systems for networks [3, 14-15] to 
integrate qualitative criteria [32]. Kohler derives 
international aspects from trade barriers [19], Lanza 
employs change drivers as design criteria [20], while 
Friedli develops decision and design dimensions from 
so-called strategic excellence positions [12].  
Ebensperger’s benchmark-based approach centers on 
financial and qualitative assessment criteria and risk 
assessment [10]. Schmidt evaluates network scenarios 
according to the five design factors of market 
complexity and product maturity, factor cost advantages 
and transport costs, ‘critical mass’ technologies and 
economies of scale, global supplier markets and the 
projection of general macroeconomic conditions [29]. 
Mühlenbruch and Nyhuis provide a step-by-step 
procedure based on the modules of product structuring, 
international cooperative relationships, technology 
differentiation, as well as production stages and logistics 
design, using different qualitative criteria, derived from 
Kinkel’s location planning methods and the change 
drivers of Hernandez [23-24]. 
Figure 2 surveys the design criteria described in the 
various approaches. It illustrates the deficiencies of each 
method in the use of the criteria, as each approach lacks 
any of the key criteria of other approaches. 
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Fig. 2. Design criteria used in current approaches for the optimal 
distribution of value added 
The above list reflects the state of the art in the 
distribution of value-added considering qualitative 
factors. It shows that all approaches, except for 
Ebersperger’s, include no other risks but the general 
business risk and the economic development in the 
catalog of design criteria. Although several approaches 
mention that there are positive and negative influencing 
factors, a clear distinction into success potential and 
risks is missing. As a result, risks are not considered in 
the scope of analysis. 
Thus, the following section is concerned with risk 
criteria used in risk management for production 
networks. 
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3. Design criteria in supply chain risk management 
The worldwide production networks created by 
globalization and the decline in in-house production 
increase the dependency both among geographically 
dispersed internal production sites and towards the 
suppliers [28]. Especially the more frequent risks of the 
last decades, e.g. tsunamis, economic and financial 
crises, as well as nuclear accidents, threaten the smooth 
flow in the production network and heighten the 
importance of supply chain risk management [33]. 
Publications on risk management in production networks 
are more numerous now. However, a comprehensive 
overview of real supply chain risks is rarely provided; 
the emphasis is placed on classifying the risks [13].  
The following works at least exemplify real-world 
risks for each risk category. Most of the selected 
publications provide an extensive literature survey on 
real-world risks. 
From his comprehensive literature survey on different 
ways of risk classification, Pfohl picks the type of risk 
classification that focuses on causes to exemplify real-
world supply chain risks for each category [25]. Amann 
adopts the classification of Wagner [2], while 
Ziegenbein classifies supply risks according to the 
SCOR model for a cause-related classification [33].  
Thom also deals with the classification of risks, 
joining effect-related with cause-related classification to 
an integrated classification [31]. He explains specific 
risk factors with case studies and field interviews, and 
distinguishes between risk causes and risk areas, dealing 
with risks in the production network and with logistical 
risks [31]. After conducting an extensive literature 
search, Moder developed a list of supply risks, which he 
validated in industry for practical relevance [22]. 
Figure 3 gives an overview of risks listed in the 
above-mentioned works. It confirms that key risk factors 
are missing in the common approaches of supply chain 
risk management – and figure 3 only explores those 
approaches that deal in detail with real-world risks. 
This also underscores that most of the supply chain 
risks in figure 3 are not covered by the design criteria of 
current approaches for the optimal distribution of value-
added listed in figure 2. If the global value-adding 
structures were modified, some of the risks could 
actually be avoided while others could at least be 
reduced [27]. So, when determining the optimal 
distribution of value added, the consideration of risk 
factors should be given due weight. This requirement is 
fulfilled in the next section, which combines the risk 
factors in section 3 with the design criteria from section 
2 to a structured model. 
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Fig. 3. Risk criteria in current risk management approaches 
4. Risk, value and cost criteria for optimizing value-
adding structures 
The design criteria presented in section 2 and 3 can 
be used to derive three categories of criteria to optimize 
value-adding structures.  
Costs are, of course, still taken into account and form 
a category of their own, as they are quantified in euros, 
unlike the other criteria. The goal in this category is to 
minimize total costs.   
Defining the term ‘risk’ helps to delineate the second 
category. In the conventional literature, two different 
concepts are used. The cause-related definition of risk 
assumes that information is incomplete at the point of 
decision-making, while the impact-related definition 
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refers to a negative deviation from the goal. Amann 
combines both concepts and according to him, risks are 
understood as „future developments and events which, 
due to incomplete information, can bring about the non-
achievement of goals at company and supply chain 
level“ [2]. In line with this definition, the present work 
understands risk as an unclear event as to whether or not 
it will happen and how strongly its impact will be, that 
means an event with a probability of occurrence and 
severity of impact, such as changes in legislation, 
exchange rate fluctuations, or natural disasters [18]. Risk 
Ratings provide an explicit valuation of risks. Those 
values can be used for the optimization avoiding the 
complex use of probabilistic models. Minimizing these 
risks is the goal of the second category.  
Unlike a risk, a value criterion represents a qualitative 
factor which will occur by all means and/or which is 
basically related to the company, e.g. legislation, 
exchange rate, or production flexibility. This value 
criterion can change if the distribution of value-added 
changes, for instance if a stage in the value network is 
offshored to another country with different legislation, 
different exchange rate or with a different understanding 
of production flexibility. Value criteria can be roughly 
assessed on a given scale, which is sufficient to compare 
different value added scenarios. The principal goal of the 
third criteria category is to maximize the value. 
Whether a specific criterion can be allocated to the 
category of ‘risk’ or ‘value’ depends on the available 
information. However, there are also factors that can be 
attributed to both categories, depending on the situation. 
The criterion ‘procurement quality’ may serve as an 
example. If the company knows the quality of its 
suppliers well enough to be sure that the planned 
structural changes to the value network do not affect the 
procurement quality, or only to an extent known by the 
company, the decision-maker can handle the factor 
‘procurement quality’ as a value. If the company cannot 
foresee how the imminent changes affect procurement, 
e.g. because new suppliers must be found, the company 
runs the risk that procurement quality deteriorates. 
In line with the above definitions of risk and value, 
figure 4 gives an overview of value and risk criteria. 
This collection helps companies to identify and structure 
the criteria relevant to them. Decision-makers, however, 
should confine themselves to criteria which essentially 
impact the company, restricting their number so that the 
effort needed for quantifying the criteria keeps within 
reasonable bounds. 
 
Value criteria Risk criteria
Supplier structures
Access to suppliers
Independence on suppliers;
loyality of suppliers
Impact of global supplier
market on overall network
Failure to procure/Delay in
procurement
Relation to new suppliers
Fluctuating and increasing
procurement costs
Disruption/ failure of external
Procurement quality Poor procurement quality
Flexibility to adopt changes
and/or innovations
Lack of flexibility to adopt
changes and/or innovations
Contracts Contractual shortcomings
Collaboration Shortcomings in collaboration
Competitors
External market factors
Market complexity and product
maturity
Market strategies of competitors
Unexpected or volatile
customer demand / changes
Loss of customer; failure to sell
a product; poor payment record
or payment default of customer
Reverse logistics risks
Price fluctuations, price
reduction demanded by customer
Quality at customer‘s site Poor quality at customer‘s site
Quality
Staff skills
Flexibility
Adaptability of production
Competence and productivity
Economies of scale, synergies
Innovation speed
Handling of ramp ups
Compatibility with strategy
Scrap
Operating personnel and
management (Absence,
operating or human errors)
Manufacturing failure / delay
Disruption/ failure of internal IT
infrastructure or of information
flow
Planning risks
Impact on employment Negative impact on employment
Liquidity Poor liquidity
Sustainability Poor sustainability
International aspects (taxes,
customs, local content, exchange
rate)
Political, legal, regulatory
framework
Effort to protect know how
Access to external knowledge
Exchange rate fluctuations
Political instability, war or socio
political / economic crises
Amendment of administrative
and legal regulations
Transfer of intellectual property
Economic / market development
Fraud (corruption) Fraud (corruption)
Language or cultural barriers Language or cultural barriers
Environmental compatibility
during normal manufacturing
mode
Environmental risks due to
unexpected incidences
Natural disasters
Terrorism
Diseases and epidemics
Local problems
Storage risks
Product liability
General business risk
Image factors Negative impact on image factors
Internal
criteria
National
criteria
External
criteria
Procurement
criteria
Sales
criteria
 
Fig. 4. Value and risk criteria to optimize value-adding structures  
5. Optimizing value-adding structures according to 
risk, value and cost criteria 
Before the presented classification of criteria into 
risks, values and costs for the optimization of value-
adding structures can be used, an approach is needed to 
embed the latter in the context of the distribution of 
value added. Basically, this approach contains a logic for 
clearly mapping and assessing the entire value-adding 
structure in a company based on the criteria categories. 
This calls for an optimization logic based on competing 
target criteria in the respective units of euros, probability 
of occurrence and severity of impact, and scale values. 
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5.1. A logic for mapping and assessing value-adding 
structures using the design criteria  risk, value and costs 
The value-adding structure of a company is 
determined by the allocation of value-added steps to 
locations. Accordingly, the performance of a value-
adding structure is expressed by the sum of 
performances resulting from the combination of a value-
added step with a location. Additionally criteria can 
emerge which evaluate the system as a whole like 
robustness or resilience. However, the valuation of a 
value-added step depends on the location where it is 
established and is absolutely necessary for the 
optimization of a company’s value-adding structure. The 
valuation can be based on the criteria categories 
introduced in section 4 and displayed in figure 5 and 
thus be carried out in a comprehensive and still clear 
manner. 
 
Costs
Procure-
ment
Sales
In-house 
production
External 
setting
Risk
Procure-
ment
Sales
In-house 
production
External 
setting
Value
Value-added step D 
at location 2
 
Fig. 5. Logic for a comprehensive and clear valuation of value-added 
steps, depending on the location  
The categories of risk and value are divided into the 
valuation areas ‘procurement’, ‘sales’, ‘in-house 
production’ and ‘external setting’; the values are 
expressed by the height of the respective bars in the 
chart. Subdivision allows broadening the scope of 
procurement to comprise more than the criteria given in 
figure 4. These criteria can be applied in the same way to 
suppliers, to machine manufacturers, and to logistics and 
development service providers, all of which can 
decisively influence the optimal value-adding structure 
in a company. The valuation area ‘external setting’ 
combines the national and the external criteria listed in 
figure 4. 
The strategic level requires a long-term view, 
covering a valuation period of at least five years, 
resulting in the overall picture of the value-adding 
structure displayed in figure 6. Thus, the valuation of 
costs in green color, risks in orange and values in blue of 
the respective combination of value-added step and 
location from figure 5 can be comprehensively depicted 
along the years 2013, 2014, 2015, … for all allocations 
of the company. 
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Fig. 6. Mapping and assessing value-adding structures 
5.2. An optimization logic based on competing goals  
It is the goal of each company to reduce risks and 
costs while exploiting the potential in the values of the 
value-added activities by an optimal distribution of value 
added. Depending on the business strategy, the 
individual categories can be given more or less weight. 
Accordingly, each constellation of risk-averse, cost-
driven and sustainable business strategy is possible. 
The goal of minimizing risks and costs while 
maximizing values entails an optimization process based 
on competing criteria in different measurement units. 
Multi-criteria optimization methods [7, 11] can cope 
with this challenge. Four optimization runs can be 
developed, if Suhl’s theory [30] of minimizing the sum 
of percentage deviations from the optimal values of the 
individual criteria is applied to the main topic of this 
paper, i.e. the identification of the optimal value-adding 
structure. In the first run, a low-risk distribution of 
value-added activities is identified, which leads to a 
minimal overall risk but entails high costs and low 
values. Similarly, optimization runs are carried out that 
merely minimize costs or solely maximize the value. 
Minimizing the deviations from the three optimal results 
for risks, costs and values allows finding the optimum 
that unites all of the three target criteria. 
6. Conclusion and outlook 
The logic presented in this paper enables companies 
to optimize their value-adding structures according to 
quantitative as well as qualitative criteria. Unlike 
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existing methods, this approach currently developed and 
presented soon as a whole is going to take full account 
of the qualitative criteria and distinguishes into positive 
qualitative criteria, the so-called values, and negative 
qualitative criteria of uncertain occurrence, the so-called 
risks. To optimize according to the competing criteria of 
values, risks and costs, a multi-criteria optimization 
method is used, which is going to ensure consistent 
results for this problem. 
In a first step, this approach will make values, risks 
and costs in the value-adding structure of companies 
visible and illustrate how the business strategy 
influences the distribution of value-added activities. The 
simultaneous optimization according to the criteria of 
value, risk and costs will also increase the overall 
efficiency in the value network. This, in turn, 
strengthens competitiveness and makes customer 
relationships more enduring. The approach will allow for 
a structured and both reactive and proactive type of 
planning so that wrong decisions can be avoided and 
business continuity is ensured. 
References 
[1] Abele, E., Kluge, J., Näher, U. (Hg.), 2006. Handbuch Globale 
Produktion. München [u.a.]: Hanser. 
[2] Amann, M. 2007. Risikomanagement in Supply Chains. Gefahren 
abwehren, Chancen nutzen, Erfolg generieren. Hg. v. Richard 
Vahrenkamp. Berlin: Schmidt. 
[3] Beamon, B., 1999. Measuring supply chain performance, 
International Journal of Operations & Production Management 19 
(3), p. 275–292. 
[4] Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., 2005. Virtual 
Organizations: Systems and Practices. London: Springer. 
[5] Camarinha-Matos, L., Afsarmanesh, H., 2008. Collaborative 
Networks: Reference Modeling. London: Springer. 
[6] Camarinha-Matos, L., Macedo, P., 2007. Towards A Conceptual 
Model Of Value Systems In Collaborative Networks, in 
“Establishing the Foundation of Collaborative Networks” L. 
Camarinha-Matos, H. Afsarmanesh, P. Novais and C. Analide, Ed.. 
Springer, London, p. 53–64. 
[7] Collette, Y., Siarry, P., 2003. Multiobjective optimization. 
Principles and case studies. Berlin, New York: Springer. 
[8] Colotla, I.; Gregory J., 2003. Operation and performance of 
international manufacturing networks, International Journal of 
Operations & Production Management 23 (10), p. 1184–1206. 
[9] Constantinescu, C., Abdul Rahman, O., Jäger, J., 2012. Strategische 
Fabrikleistungs- und Netzwerkplanung. Referenzmethoden und 
Engineering-Werkzeuge, wt Werkstattstechnik online 102 (3), p. 
120–124. 
[10] Ebensperger, C., Vogel, S., 2010. Benchmarkbasierte 
Netzwerkoptimierung. Supply Chain Management in der 
Pharmaindustrie. Stuttgart: Horváth&Partners. 
[11] Ehrgott, M., 2005. Multicriteria Optimization. Berlin, Heidelberg, 
New York: Springer. 
[12] Friedli, T., Heinzen, S., Mundt, A., Thomas, S., 2011. 
Strategisches Management globaler Produktionsnetzwerke. 
Erschließung des Netzwerkvorteils, Zeitschrift für wirtschaftlichen 
Fabrikbetrieb 106 (9), p. 610–614. 
[13] Gleißner, W., Romeike, F., 2005. Anforderungen an die 
Softwareunterstützung für das Risikomanagement, Zeitschrift 
für Controlling und Management 49 / 2, p. 154-164. 
[14] Gunasekaran, A., Patel, C., Tirtiroglu, E., 2001. Performance 
measures and metrics in a supply chain environment, 
International Journal of Operations & Production Management 
21 (1/2), p. 71–87. 
[15] Kaplan, R., Norton, D., 1996. The balanced scorecard. Translating 
strategy into action. Boston, Mass: Harvard Business School 
Press. 
[16] Kinkel, S., Maloca, S., 2009. Drivers and antecedents of 
manufacturing offshoring and backshoring – A German 
perspective, Journal of Purchasing & Supply Management 15, 
Issue 3, p. 154-165. 
[17] Kinkel, S., Maloca, S., 2009. Produktionsverlagerung und 
Rückverlagerung in Zeiten der Krise,  PI-Mitteilung 52, 
Fraunhofer Institut für System- und Innovationsforschung. 
Karlsruhe. 
[18] Knight, F., 2005. Risk, uncertainty and profit. New York: Cosimo 
Classics.    
[19] Kohler, K., 2008. Global Supply-chain-Design: Konzeption und 
Implementierung eines multikriteriellen Optimierungsmodells 
für die Gestaltung globaler Wertschöpfungsaktivitäten. 
München: CfSM. 
[20] Lanza, G., Moser, R., 2012. Strategic planning of global 
changeable production networks, 45th CIRP CMS 2012, 
Conference on Manufacturing Systems, p. 291–297. 
[21] Macedo, P., Camarinha-Matos, L., 2011. Value Systems 
Management Model for Co-innovation, in “Technological 
innovation for sustainability” L. Camarinha-Matos, Ed.. 
Springer, Berlin, p. 11–20. 
[22] Moder, M., 2008. Supply Frühwarnsysteme. Die Identifikation 
und Analyse von Risiken in Einkauf und Supply Management. 
1. Aufl. Wiesbaden: Gabler. 
[23] Mühlenbruch, H., Großhennig, P., Nyhuis, P., 2006. 
Produktionsstufen- und Logistikgestaltung im Globalen 
Varianten Produktionssystem, wt Werkstattstechnik online 96 
(6), p. 405–410. 
[24] Nyhuis, P., Nickel, R., Tullius, K., 2008. Globales Varianten 
Produktionssystem. Globalisierung mit System. Garbsen: PZH 
Produktionstechnisches Zentrum GmbH. 
[25] Pfohl, H.-C., Bundesvereinigung Logistik, Hg., 2008. Sicherheit 
und Risikomanagement in der Supply Chain. Gestaltungsansätze 
und praktische Umsetzung. Hamburg: DVV Media Group, Dt. 
Verkehrs-Verlag (Schriftenreihe Wirtschaft & Logistik). 
[26] Porter, M. E., 2004. Competitive advantage. Creating and 
sustaining superior performance. New York, London: Free 
Press. 
[27] Prinz, A., 2012. Risikomanagement durch werteorientierte 
Gestaltung der Supply Chain, in „Risikomanagement in 
Produktion und Supply Chain: Lieferanten- und Bestandsrisiken 
in den Griff bekommen. Fraunhofer IPA Seminar, 13. Juni 2012, 
Stuttgart.“ A. Verl, Hg., u.a.. FpF - Verein zur Förderung 
produktionstechnischer Forschung, Stuttgart, p. 117-127.  
[28] Schatz, A., Mandel, J., Hermann, M., 2010. Studie 
Risikomanagement in der Beschaffung 2010. Eingesetzte 
Strategien und Methoden, organisatorische Verankerung, 
Bedeutung und Reifegrad des Risikomanagements in der 
Beschaffung in der Industrie. Stuttgart: Fraunhofer Institut für 
Produktionstechnik und Automatisierung IPA.  
[29] Schmidt, B., 2011. Gestaltung globaler Produktionsstrategien, in  
„Wertschöpfung und Beschäftigung in Deutschland. Acatech-
Workshop, Hannover 14. September 2010.“ J. Gausemeier und 
H.-P. Wiendahl, Hg.. Springer, Berlin, Heidelberg, p. 71–84. 
[30] Suhl, L., Mellouli, T., 2009. Optimierungssysteme: Modelle, 
Verfahren, Software, Anwendungen. Springer. 
[31] Thom, A., 2008. Entwicklung eines Gestaltungsmodells zum 
Management von Risiken in Produktionsnetzwerken. Ein 
Beitrag zum Risikomanagement in der Logistik. 1. Aufl. Berlin: 
Universitätsverlag der Technischen Universität Berlin 
(Schriftenreihe Logistik der Technischen Universität Berlin, 2). 
[32] Ude, J., 2010. Entscheidungsunterstützung für die Konfiguration 
globaler Wertschöpfungsnetzwerke. Ein Bewertungsansatz unter 
Berücksichtigung multikriterieller Zielsysteme, Dynamik und 
Unsicherheit. Aachen: Shaker. 
[33] Ziegenbein, A., 2007. Supply Chain Risiken – Identifikation, 
Bewertung und Steuerung. Zürich: vdf Hochschulverlag AG. 
